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ABSTRACT 
DOES VISUAL AWARENESS OF OBJECT CATEGORIES REQUIRE ATTENTION? 
SEPTEMBER 2013 
TIMOTHY SCOTT MILLER, B.S., BROWN UNIVERSITY 
M.S., UNIVERSITY OF MASSACHUSETTS AMHERST 
Directed by: Professor Kyle Cave 
A key question in the investigation of awareness is whether it can occur without attention, 
or vice versa. Most evidence to date suggests that attention is necessary for awareness of 
visual stimuli, but that attention can sometimes be present without corresponding aware-
ness. However, there has been some evidence that natural scenes in general, and in particu-
lar scenes including animals, may not require visual attention for a participant to become 
aware of their gist. One relatively recent paradigm for providing evidence for animal 
awareness without attention (Li, VanRullen, Koch, & Perona, 2002) requires participants to 
perform an attention demanding primary task while also determining whether a photo-
graph displayed briefly in the periphery contains an animal as a secondary task. However, 
Cohen, Alvarez, and Nakayama (2011) questioned whether the primary task in these exper-
iments used up all the available attentional capacity. Their experiments used a more de-
manding primary task to be sure attention really was not available for the image-
recognition task, and the results indicated that attention was contributing to the animal de-
tection task. However, in addition to changing the primary task, they displayed the stimuli 
for the two tasks superimposed on each other in the same area of the visual field. The exper-
iment reported here is similar to the one by Cohen et al., but with the stimuli for the two 
tasks separated spatially. Animal recognition with separated stimuli was impaired by addi-
tionally performing the attention-demanding task, leaving no good evidence that it is possi-
iv 
ble to recognize natural scenes without attention, in turn removing this support for aware-
ness without attention. 
v 
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CHAPTER 1 
INTRODUCTION 
Philosophers and psychologists have long been interested in consciousness, aware-
ness1, and their relation to physical processes. One area of relatively recent interest is the 
relationship of awareness to attention, particularly concerning visual attention and visual 
awareness. There is an extensive body of observations and research suggesting a very close 
link between visual attention and awareness, to the point of needing to ask whether either 
ever occurs in the absence of the other (Cohen, Cavanagh, Chun, & Nakayama, 2012; Lamme, 
2003; van Boxtel, Tsuchiya, & Koch, 2010). Three models for the relationship between visu-
al attention and awareness have been proposed (Cohen et al., 2012; van Boxtel et al., 2010): 
1) Attention and awareness always occur together, never separately. 2) Attention is a nec-
essary gateway to awareness but not sufficient on its own. In this case, attention can occur 
without awareness, but not vice-versa. 3) Attention and awareness are essentially separate: 
either can occur on its own or in combination with the other. In large part, distinguishing 
these theories has involved determining if there are any phenomena in which either atten-
tion or awareness occur on their own. Attention on its own is evidence against model 1, and 
awareness on its own is against models 1 and 2. The case for phenomena with visual atten-
                                                             
1 Throughout this paper, “consciousness” and “awareness” are used synonymously to refer to the 
“subjectiveness” of personal experience as a property of experience rather than a standpoint to de-
scribe objects and events from. However, the paper can also be read as solely about a result concern-
ing visual processing if one substitutes “top-level visual representations” wherever visual awareness 
appears, as there is no experimental distinction between awareness and the final levels of visual pro-
cessing per se. In this case, the topic of this paper can be seen as the relationship of attention to the 
final products of visual processing. There is a separate question of what the final products of visual 
processing actually are and where that line should be drawn. Arguably the real final destination for 
visual processing is declarative memory or a motor output, with awareness merely a stop along the 
way. Many people would feel that this argument ignores something important about awareness, 
though. In many experimental designs there is probably no functional difference between awareness 
and declarative memory because responses about the contents of awareness are typically given after 
the trial in a way that makes them a report from memory. However, if a subject participating in a trial 
is looking for something in particular before it appears, becoming aware of that thing will probably 
lead to memory of it, and so in that sense experiments considered here can be seen as bearing on 
awareness. One is still not required to consider awareness to find the results of this study an im-
portant result about attention and vision. 
2 
tion but not awareness seems fairly well established and accepted, with evidence from a va-
riety of areas. Priming by masked numbers occurs only when attention is paid to the area 
containing the numbers, despite participants being unaware of the digits whether or not 
they are attended (Naccache, Blandin, & Dehaene, 2002). A patient with the neurological 
condition of “blindsight”, the inability to be conscious of a certain area of vision while main-
taining some ability to react to stimuli and/or manipulate objects present there, has shown 
that attention improves performance for a task involving visual stimuli in an area he is not 
conscious of (Kentridge, Heywood, & Weiskrantz, 2004). Images masked by continuous 
flash suppression (which takes advantage of binocular rivalry) were still able to attract at-
tention even though the experimental design ensured that subjects were completely una-
ware of them (Jiang, Costello, Fang, Huang, & He, 2006). This means that deciding whether 
attention is separate from awareness depends on whether there are phenomena in which 
awareness occurs on its own. 
To date, the only significant evidence for visual awareness without attention comes 
from certain phenomena involving viewing natural scenes. In that area, there is a body of 
work noting that natural scene perception and in particular animal detection seem to have 
some advantage in visual processing. People can determine the gist of a natural scene very 
quickly: subjects could give the gist of images presented for 67 ms (Fei-Fei, Iyer, Koch, & 
Perona, 2007), and altering the gist of an image is not subject to change blindness (Rensink, 
O’Regan, & Clark, 1997; Simons & Levin, 1997). People can detect a verbally-specified target 
category in a stream of images as fast as 113 ms/image (Potter, 1976). Pictures of animals 
in particular have been found to have an apparently special status in scene recognition; for 
instance, given a simultaneous presentation of two images for only 20 ms, people can initi-
ate saccades to the image with an animal in it in as little as 120 ms (Kirchner & Thorpe, 
2006). 
3 
There has also been some evidence that animals (and vehicles, and some other kinds 
of scenes) can be detected even in the absence of attention. Li et al. (2002) asked subjects to 
do an attention-demanding (Braun & Julesz, 1998; Lee, Koch, & Braun, 1999) central task of 
finding rotated Ls among rotated Ts. Subjects were also shown peripheral natural scenes 
and asked as a secondary task to determine whether the scenes contained animals, vehicles, 
or neither. They were able to do this along with the central task with no degradation com-
pared to doing the peripheral task alone, while they were not able to perform a peripheral 
task of finding Ls in Ts, or even one of distinguishing a half-red and half-green disk from its 
mirror image. Follow-up work found activation in object-selective areas of the cortex corre-
sponding to this apparently outside-attention processing (Peelen, Fei-Fei, & Kastner, 2009). 
Detecting faces as a peripheral task has also been found to not degrade performance on a 
central Ts vs Ls task (Reddy, Reddy, & Koch, 2006).  
However, there has also been subsequent work criticizing the idea of natural scene 
recognition outside attention. Rousselet, Fabre-Thorpe, and Thorpe (2002) found that ani-
mal detection in two scenes in parallel could be done as easily as just one scene, but four 
could not (Rousselet, Thorpe, & Fabre-Thorpe, 2004). Further, animal recognition was se-
verely impaired when the images consistently contained multiple foreground objects 
(Walker, Stafford, & Davis, 2008). If animal recognition really did not require any attention, 
the presence of extra objects in the scene should have had little effect. 
Recently Cohen, Alvarez, and Nakayama (2011) investigated whether Li et al.’s cen-
tral task was sufficiently attention-demanding so that no attention was left for the periph-
eral task. If any attention was left for the peripheral task, that could mean that attention ac-
tually is needed for awareness of e.g. animals, just much less of it. This conclusion would still 
be interesting for visual processing research, but would not be evidence for attention and 
awareness being separate. As Cohen et al. noted, Li et al.’s central task of finding Ls in Ts 
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only occupied attention up until the L was found (or candidates exhausted), allowing sub-
jects to then switch their attention to the secondary task. Cohen et al. used two tasks in sep-
arate experiments to try to demand more attention: multiple-object tracking (Pylyshyn & 
Storm, 1988) and RSVP (rapid serial visual presentation). Multiple-object tracking involved 
the participants tracking 4 out of 8 moving dots superimposed on the region of the visual 
field occupied by the natural scene images. Participants were expected to need to pay more 
continuous attention to moving dots (as opposed to static Ts and Ls in Li et al.’s task) in or-
der to not lose track of them. The RSVP task involved participants counting the number of 
numerals in a series of numerals and letters appearing at 100 ms intervals. Because the 
characters each appeared for a much shorter time than the Ts and Ls in Li et al.’s experi-
ments, attention couldn’t wander very much or a character would be missed. (See Figure 1 
for an example series of stimuli for the RSVP task.) In both cases Cohen et al. found signifi-
cant impairments on the secondary task. 
However, in addition to using a more attention-demanding primary task, Cohen et 
al. also moved the secondary task stimulus so it overlapped the primary task stimulus, with 
either the moving dots or characters drawn where the natural scenes would appear, unlike 
Li et al.’s arrangement which had the Ts vs Ls stimulus at the center of vision and the natu-
ral scenes in the visual periphery. Cohen et al. did not test a non-overlapped layout of their 
combinations of tasks. There are several reasons to believe the overlapping could be a prob-
lem. Most importantly, the visual system appears to be consistently organized topograph-
ically, meaning that each set of stimuli (e.g. pictures and RSVP presentations) could be rep-
resented by the same cell populations in higher visual areas when they are overlapping spa-
tially, resulting in conflict when trying to perform both tasks. If the stimuli are separated 
sufficiently in the visual field, they will activate different neuron populations at some levels 
of the visual system, lessening conflict. 
5 
 
 
 
There is empirical evidence for conflict as well. A visual stimulus attracting attention 
(by having a unique color or orientation) inhibits a probe-discrimination task more when 
the attracting stimulus is nearer the discrimination (Mounts, 2000). This flanker inhibition 
suggests that the attentional stimulus and the discrimination stimuli are both represented 
in visual areas where the neurons have relatively large receptive fields, which is consistent 
with what is known about later stages in the vision system having larger fields in general. 
Further, determining whether two simple stimuli are the same or different is faster when 
they are in opposite hemifields than when they are in the same hemifield, indicating that 
two simultaneous uses of attention interfere with each other more within hemifields than 
between them (Sereno & Kosslyn, 1991).  This is an example of a case in which tasks that 
involve two separate stimuli are performed better when the stimuli are separated from 
Figure 1. Example series of stimuli for Cohen's RSVP task. From Cohen et al. 
(2011). 
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each other in the neural representation of the visual field (whose most major subdivision is 
between the hemifields).  
Therefore, the experiment described below tests whether Cohen et al.’s finding that 
animal recognition required attention was due to the spatial overlap of the two stimuli or 
instead to the more demanding nature of the primary task. The experiment compared a 
non-overlapped variant of Cohen et al.’s stimuli to an overlapped version. For simplicity and 
most direct comparability to Li et al.’s paradigm, only Cohen et al.’s primary RSVP task is 
replicated here, and not the object-tracking one. (It’s possible, for instance, that participants 
may make saccades between the dots in the tracking paradigm, resulting in saccadic mask-
ing reducing the amount of processable visual input for the peripheral task.) In addition, 
Cohen et al. only reported results in terms of percent correct responses, but this does not 
capture all the relevant information about the animal detection process, so participants in 
this new experiment gave confidence ratings to compute a signal-detection measure of sen-
sitivity (Macmillan & Creelman, 2005) as well. If the experiment confirms Cohen et al.’s re-
sults, indicating an impairment of the secondary task even when not overlapping, this will 
be evidence strengthening the position that attention is necessary but not sufficient for 
awareness; if the experiment has the opposite result, it will be evidence for awareness oc-
curring without attention. 
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CHAPTER 2 
METHOD 
Participants 
Sixty young adults from the University of Massachusetts Amherst campus partici-
pated in this experiment, 30 for each condition. All participants gave informed consent and 
received extra credit in their classes for their time. 
Apparatus 
Stimuli were displayed on an Apple PowerMac G4 with an NEC MultiSync FE990 
monitor. The monitor was set to 1024×768 resolution at a 100 Hz refresh rate for easy 
timekeeping and was placed about 48 cm from the participants. 
Stimuli 
Stimuli consisted of a series of screen frames, each containing one or two images 
depending on the condition. In the Overlapping condition each frame had just one 384×256 
pixel image, subtending approximately 17°×10° and centered on the screen. In the Separate 
condition, each frame had two 384×256 images, each centered vertically and on opposite 
sides of the screen horizontally, with the closest edge 25 pixels from the screen midpoint. 
The images were each constructed by beginning with either a 384×256 pixel mask or a pho-
tographed scene of the same size; in some cases the image then had a large character super-
imposed on the mask or scene, while in other cases the mask or scene was used as-is. Pho-
tographed scenes containing animals and scenes with no animals were taken from the data-
base used in Li et al (2002) and put online by Li (“Subset of COREL dataset: animals, 
vehicles, and ‘distractors’,” n.d.). From the non-animal scenes (taken from folder “Distras” in 
the dataset), all were eliminated that contain artificial objects or anything else that might 
contain people or animals, in order to eliminate the ambiguity of whether people are ani-
mals (an issue both for people’s understanding of the task and for whether any special pro-
8 
cess for recognizing animals also recognizes people, which does not appear to have been 
tested in this general paradigm). Animal scenes with artificial objects were also eliminated 
Masks were generated by randomly coloring 4×4 or 8×8 grids of equal-sized rectangles. 
Characters were drawn on top of a scene or mask, in 250-point Helvetica, centered in the 
image, and 35% transparent. See Figure 2 for examples. For the Overlapping condition, each 
image, and therefore each frame, consisted of a character drawn on top of either a mask or 
scene. In the Separate condition, one of the two images of a frame was always a mask with a 
character drawn over it, and the other image was either a mask or scene (with no charac-
ter). See Figure 3 for an example. 
 
 
 
Figure 2. Four sample stimuli: respectively, mask alone, mask with character super-
imposed, photo alone, photo with character. In the Overlapping condition, only one 
of these images appeared on the screen at any given moment, while in the Separate 
condition, two different images appeared side-by-side. 
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Procedure 
Participants were randomly assigned to the Separate or Overlapping layout condi-
tion, and randomly assigned a side of the screen for the characters to appear on if they were 
in the Separate condition. Trials consisted of a series of 12–17 frames, with the number of 
frames randomly chosen per trial. Screen frames were changed every 100 ms. In some trials 
one of the mask images (on the other side of the screen from the characters in the Separate 
condition) was randomly replaced by an animal or non-animal scene. The scene replacing 
the mask was randomly chosen for each trial, with no repetitions for a given participant, 
and could appear in any frame of a trial but the first or the last.  Characters were randomly 
selected from the set C, D, E, F, G, H, J, K, L, M, N, P, Q, R, T, U, V, W, X, Y, 3, 6, 7, and 9, with the 
constraint that 0–4 digits appeared in a trial, and no digit was presented more than once. 
See Figure 4 for an example (partial) series of stimuli. 
There were three tasks: Counting, Identification, and Dual. All participants per-
formed all three tasks in separate blocks of trials that were randomly ordered and counter-
balanced across participants. Each task had two blocks of 39 trials each, with a short break 
between blocks and between tasks. The Counting task was to count the digits that appeared 
and report that number at the end of the trial by typing the corresponding key on the key-
board. The Identification task was to 1) report whether a scene replaced a mask or no 
 
Figure 3. Sample stimulus for the Separate condition. These two images would be 
presented simultaneously on the screen, next to each other as shown here. 
10 
scenes appeared, 2) report if an animal appeared, and 3) rate their confidence level (1-5) in 
each of the previous discriminations. If subjects think no scene appeared, for #2 they were 
to guess while assuming there was a scene that they just didn’t see well. All responses were 
given by typing single keys on the keyboard. In the Separate condition, participants were 
instructed to look at the stream of letters while performing the Identification task. (A fixa-
tion dot appeared in the center of that stream before each trial, and in the center of the 
screen before each trial in the Overlapping condition.) The Dual task involved the partici-
pants simultaneously doing both of the above tasks on each trial, with priority and fixation 
location given to digit-counting. Instructions and 6 practice trials were given before the first 
block of each task. 
 
 
Figure 4. Sample partial series of stimuli for a subject in the Overlapping condition. 
In this case there is a photograph but no animal in the series, and there is one nu-
meral present. Only one image would be presented at a time on the screen. 
11 
CHAPTER 3 
RESULTS 
Proportion correct 
Animal identification 
To be consistent with Cohen et al.’s (2011) analysis, the proportion of correct identi-
fications of animal/nonanimal distinctions was calculated and compared in two planned 𝑡 
tests on task (Dual vs Identification), one for the Separate condition and one for the Over-
lapping one. Performance was significantly worse in the dual task condition in both the 
Separate (𝑡(29) = 7.47, 𝑝 = 3.1 × 10−8) and Overlapping (𝑡(29) = 4.44, 𝑝 = 0.00012) com-
parisons. See Figure 5. 
 
Figure 5. Proportion correct, identification of animal vs non-animal. 
 
A full ANOVA run on the proportion correct with task and layout as factors con-
firmed the significant effect of task, 𝐹(1,58) = 75.30, 𝑝 ≪ 0.0001, and found effects for both 
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layout, 𝐹(1,58) = 10.16, 𝑝 = 0.0023, and the interaction, 𝐹(1,58) = 14.05, 𝑝 = 0.00041. As 
seen in Figure 5, overlapping the tasks made them easier, more so for the dual task than the 
animal-identification-only task. Performance was quite good in general; overall participants 
detected animals (or their absence) 90% correctly; even in the lowest-performing condi-
tion, separate dual task, participants were 83% correct, well above chance. 
Photograph identification 
Results were much the same for proportion correct at photograph identification: 
there were significant effects of task, 𝐹(1,58) = 61.65, 𝑝 ≪ 0.0001 , layout, 𝐹(1,58) =
7.90, 𝑝 = 0.0067, and the interaction, 𝐹(1,58) = 6.93, 𝑝 = 0.011. See Figure 6. 
RSVP  
Accuracy on the RSVP task was also examined to confirm participants’ performance 
on this task. The raw counts and proportion of RSVP trials are reported in Table 1 through 
Table 4. In these tables, each row represents all of the trials across all subjects in which a 
particular number of targets (0-4) appeared. Each column represents all trials in which a 
particular response (0-4) was given. Tables on the left show the total number of each type 
of trial. In the tables on the right, each number is converted to a percentage of all the trials 
with a given number of targets. 
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Figure 6. Proportion correct, identifiation of photograph vs non-photograph. 
 
   
Table 1. Number of responses per count, and % of responses to a given number of 
presented digits, for the RSVP-only task in the separate layout. 
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Table 2. Number of responses per count, and % of responses to a given number of 
presented digits, for the dual task in the separate layout. 
 
   
Table 3. Number of responses per count, and % of responses to a given number of 
presented digits, for the RSVP-only task in the overlapping layout. 
 
   
Table 4. Number of responses per count, and % of responses to a given number of 
presented digits, for the dual task in the overlapping layout. 
 
# 
trials 
Response 
0 1 2 3 4 
P
re
se
n
ta
ti
on
 0 352 59 42 13 1 
1 53 281 87 26 1 
2 38 90 291 59 6 
3 17 38 164 221 23 
4 3 19 105 201 150 
 
% 
trials 
Response 
0 1 2 3 4 
P
re
se
n
ta
ti
on
 0 75 13 9 3 0 
1 12 63 19 6 0 
2 6 19 61 12 1 
3 4 8 35 49 5 
4 1 4 22 42 31 
 
# 
trials 
Response 
0 1 2 3 4 
P
re
se
n
ta
ti
on
 0 414 38 4 2 0 
1 36 374 92 4 0 
2 3 54 336 60 5 
3 2 3 137 293 33 
4 2 2 35 230 181 
 
% 
trials 
Response 
0 1 2 3 4 
P
re
se
n
ta
ti
on
 0 90 8 1 0 0 
1 7 74 18 1 0 
2 1 12 73 13 1 
3 0 1 29 63 7 
4 0 0 8 51 40 
 
# 
trials 
Response 
0 1 2 3 4 
P
re
se
n
ta
ti
on
 0 362 69 21 8 0 
1 60 281 92 24 1 
2 13 97 279 86 5 
3 4 24 161 244 37 
4 2 5 84 194 187 
 
% 
trials 
Response 
0 1 2 3 4 
P
re
se
n
ta
ti
on
 0 79 15 5 2 0 
1 13 61 20 5 0 
2 3 20 58 18 1 
3 1 5 34 52 8 
4 0 1 18 41 40 
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It can be immediately seen that participants systematically tended to undercount 
the digits presented to them, particularly for presentations of 3 or 4 digits. The overall accu-
racy (see Figure 7) in the undistracted conditions is low enough to suggest that the task is 
difficult, yet all the accuracies are far above chance (0.2), suggesting that participants were 
indeed doing the RSVP task even while doing the animal task. 
 
Figure 7. Proportion correct, RSVP task. The blue line indicates chance performance. 
 
Sensitivity 
To explore signal-detection sensitivity for the Identification (sub)task, hit rate and 
false alarm rate were calculated per-participant for each kind of Identification (“picture ap-
peared” and “animal appeared”) for each confidence level for the Identification task when 
performed without the Counting task, and separately for the Identification task performed 
as part of the Dual task. Aggregate hit and false alarm rates are shown in Table 5 through 
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Table 7. For the analysis, the confidence levels were collapsed 2:1 due to low counts for the 
middle confidence levels. (That is, the counts of people who responded with confidence 5 
for a no-animal answer were added to those who responded with confidence 4, 3 was added 
to 2, confidence 1 for no-animal was added to confidence 1 for is-animal, 2 for is-animal 
added to 3, and 4 to 5. A similar process was applied to the counts for picture-detection.) An 
ROC model (Macmillan & Creelman, 2005) was then fit per-participant to the resulting data.  
𝐴𝑧, the area under the ROC curve (Macmillan & Creelman, 2005) was calculated and used as 
the sensitivity measure for later analysis because some participants in some conditions had 
perfect scores, leading to infinite 𝑑′ values. 
 
Single Task  Dual Task 
# trials 
Response  
# trials 
Response 
No 
animal Animal 
 No 
animal Animal 
Sh
ow
n
 
No animal 3184 176  
Sh
ow
n
 
No animal 3005 355 
Animal 171 1509  Animal 361 1319 
Table 5. Aggregate (across all participants and confidence levels) hit/false alarm 
rates for the animal identification task. 
 
Single Task  Dual Task 
# trials 
Response  
# trials 
Response 
No 
image Image 
 No 
image Image 
Sh
ow
n
 
No image 1593 87  
Sh
ow
n
 
No image 1346 334 
Image 102 3258  Image 249 3111 
Table 6. Aggregate (across all participants and confidence levels) hit/false alarm 
rates for the image identification task. 
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Single Task  Dual Task 
# trials 
Response  
# trials 
Response 
No 
animal Animal 
 No 
animal Animal 
Sh
ow
n
 
No animal 130 26  
Sh
ow
n
 
No animal 410 83 
Animal 18 15  Animal 57 33 
Table 7. Aggregate (across all participants and confidence levels) hit/false alarm 
rates for the animal identification task when the subject did not think there was an 
image. 
 
A 2-way mixed ANOVA (task × layout) on 𝐴𝑧 was computed separately for animal 
detection and image detection. In both cases sensitivity in the Dual task was worse than in 
the single Identification task (𝐹(1,58) = 34.25, 𝑝 ≪ 0.0001  and 𝐹(1,58) = 30.08, 𝑝 ≪
0.0001, respectively for animal detection and image detection). Further, the Separate condi-
tion was harder than the Overlapping condition ( 𝐹(1,58) = 8.11, 𝑝 = 0.0061  and 
𝐹(1,58) = 6.37, 𝑝 = 0.014), and there was an interaction indicating that the Dual task pro-
duced more interference in the Separate condition (𝐹(1,58) = 7.45, 𝑝 = 0.0084  and 
𝐹(1,58) = 6.39, 𝑝 = 0.014). See Figure 8 for animal detection and Figure 9 for image detec-
tion. 
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Figure 8. Sensitivity (𝐴𝑧) for animal vs non-animal detection. 
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Figure 9. Sensitivity (𝐴𝑧) for image vs non-image detection. 
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CHAPTER 4 
DISCUSSION 
Performance in the Dual task was worse than Identification in all cases, confirming 
Cohen et al.’s result, and showing that having the picture identification and counting stimuli 
overlap in space rather than occupying separate locations was not the reason for the inter-
ference between tasks that Cohen et al. (2011) found. As a result there is still no strong evi-
dence for a special pathway for animal or natural scene recognition that does not require 
attention. Therefore it is more likely that awareness does require attention even for natural 
scenes, rather than attention and awareness being completely separate things. In general, 
then, attention seems to function as a primary gatekeeper of what information gets into 
consciousness. This is the most important result from this experiment. 
Note that animal and image detection performance is still quite good even in the du-
al-task condition. As Cohen et al. (2011) note, this could be because the counting task is still 
not hard enough to consume all attention, or it could be because only some of the parts of 
scene perception require attention, and only these parts were affected by the additional 
task. In this latter case, the conclusion would not necessarily be that animal or scene per-
ception as a whole requires attention for any of it to happen, but merely that the final re-
sults of visual processing are prevented from coming into awareness without attention. An 
alternative explanation is that animal recognition can be done entirely without attention 
under some circumstances to at least some degree of accuracy. Although a large part of the 
attention literature argues and presents evidence for the necessity of attention for higher-
level cognition of composite visual objects, in particular the feature-binding model 
(Treisman & Gelade, 1980), animal recognition can still be done well enough in this task 
that the possibility of imperfect animal recognition completely apart from attention is diffi-
cult to rule out entirely. Interestingly, although the low-level image characteristics of photo-
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graphs are quite different from those of the mask images used here, performance on animal 
recognition was nearly as good as performance on general photograph detection, and pho-
tograph detection was impaired by the RSVP task nearly as much as animal recognition was, 
perhaps suggesting that lack of attention may impair animal detection by impairing lower-
level vision processing rather than higher-level visual processing. 
One potential issue is that, although participants in the Separate Identification-only 
task were instructed to fixate on the side the characters were on, so that the scenes to be 
detected were positioned some distance from the fovea, it is possible that they may have 
been looking at the other side, where the scenes were appearing. The participants seemed 
cooperative overall, but even if they had not intended to look, it’s possible they may have 
shifted their gaze to follow their attention automatically. This would mean that their per-
formance on Identification in this case could be better than in the Separate Dual-task case 
because the scenes were appearing closer to the fovea and thus with better resolution ra-
ther than because of the demanding additional task. Eye tracking could be used in future 
work to confirm participants’ fixations. If they are fixating at the wrong place, one possibil-
ity to correct this is to give the participants an extra task that requires their fixation but not 
attention, such as responding to a small visual probe occasionally occurring in the center of 
the character stream of images. This probe could, for instance, require participants to iden-
tify the direction of a high spatial-frequency Gabor patch. The fine-pitch of the stimulus 
would require foveal fixation to resolve the orientation of the grating, but if it appears ab-
ruptly and saliently (perhaps with a bright color) it ought not to require much attention. 
However, there is evidence that people can be unaware of stimuli directly in their fovea if 
their attention is focused elsewhere (Mack & Rock, 1998), which may require participants 
to allocate some attention (presumably a minimal amount) to the fixation point. 
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Contrary to hypothesis, overlapping the stimuli for the two tasks actually made the 
animal-detection task easier. I expect that this was due to the secondary task being located 
in the center of vision rather than on the periphery, which had a couple of effects. One was 
that due to visual acuity being better in the center of the visual field, the participants were 
better able to see the scenes there. The second was that attention deployed spatially to the 
region where the RSVP characters appeared in order to perform the primary task also en-
hanced performance of the scene detection task because it was in the same region. Any 
competition resulting from the same set of neurons attempting to encode conflicting things 
(the characters and the scenes) at the same time was apparently weaker than the enhance-
ment due to the other two effects. These observations can also explain the interaction in 
which the Dual task had a stronger effect in the Separate condition: in the Separate condi-
tion, the Dual task required participants to deploy attention away from where the scenes 
were, making scene identification harder than in the Overlapping case in which attention 
and the scenes always coincided. 
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